Introduction
Brain abscess is a focal suppurative process of the brain parenchyma that can arise by extension of contiguous infections, [1] [2] [3] [4] [5] [6] [7] penetrating head injury, 8, 9 neurosurgical procedures, 10 or hematogenous spread from distant extracranial sources. 11 Microorganisms most frequently isolated are viridans streptococci, Staphylococcus aureus, Gram-negative bacilli, and anaerobes. 11, 12 Computerized tomography (CT) and magnetic resonance (MR) have revolutionized the diagnosis and management of patients with brain abscess and have permitted the assessment of the response to therapy. [13] [14] [15] [16] Treatment is usually combined, surgical and medical, 13, 17 and selected cases can be treated only with medical therapy. 18, 19 International Journal of Infectious Diseases (2006) 
Summary
Objective: To verify if, in the last two decades, there have been any changes in epidemiological, clinical, diagnostic, therapeutic and prognostic aspects of patients with brain abscess. Method: We studied retrospectively 100 patients discharged over a 17-year period from Ca' Foncello Regional Hospital, Treviso, Italy with a diagnosis of brain abscess. Results: Post-surgical abscesses were more frequent than those related to contiguous infections and the spectrum of etiologic agents was very heterogeneous. A cerebral neoplasm was the initial neuroradiological diagnosis in 13 patients; 72 patients underwent a neurosurgical procedure. A comatose state at presentation was associated with an unfavourable outcome. Conclusion: With the exception of some epidemiological aspects, which varied from the literature, in spite of the improvements in diagnostic procedures and treatment, no significant changes occurred in the prognosis of patients with brain abscess. # 2005 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
Aspiration or excision of lesions with >2.5 cm diameter or causing mass effect is recommended. 11 
Materials and methods
Case sheets of patients discharged from Ca' Foncello Regional Hospital (Treviso, Italy) with a 324 code diagnosis (International Classification of Diseases, 9th revision, Clinical Modification, 1997) from January 1985 to December 2001 were examined retrospectively. Ca' Foncello Regional Hospital has a neurosurgical unit for both adults and pediatric cases, which is the reference centre for area of almost one million of inhabitants.
Brain abscess was defined as a localized lesion, visible on CT or MR scan, located in the cerebrum, cerebellum or midbrain, which met at least one of the following criteria: a positive culture of intracerebral material; at least two positive blood cultures; brain abscess at histology; neuroradiological findings suggesting brain abscess plus radiological and clinical response to antimicrobial therapy.
The material obtained from cerebral lesions was examined by standard microbiological methods and histology.
Since 1999 a protocol of specimen collection has been agreed between the neurosurgical unit and microbiology laboratory: 1 ml of pus, collected anaerobically is placed in an anaerobic blood culture bottle; 1 ml of pus is placed in an aerobic blood culture bottle; the remaining specimen is placed in a sterile testtube and immediately sent to the microbiology laboratory and examined by direct microscopic observation and cultured for aerobic and anaerobic bacteria, mycetes and mycobacteria. Outside normal hours the specimens are kept at room temperature and sent to the laboratory as soon as possible.
Since 1990, serology for HIV (ELISA) has been performed in all patients with encephalic lesions and HIV seropositive subjects were excluded from our study. Statistical analysis was carried out by comparison of groups with quantitative continuous variables using the Student's t-test, while the x 2 test was used for comparison of groups with qualitative variables on nominal scale. A p value of 0.05 was considered significant. Data are given as mean AE standard deviation.
Results

Patients
From January 1985 to December 2001 one hundred cases of brain abscess were diagnosed ( Table 1 ). The onset of symptoms before diagnosis varied from a few hours to 60 days, with a mean of 13.21 days (AE11.73). A predisposing factor was recognized in 68 patients ( Table 2 ).
Neuroradiological findings
In only one patient did CT and MR show cerebritis. In all the other cases one or more capsulated lesions were present (Table 3 ). In 87 patients neuroradiological imaging was suggestive of brain abscess, while in 13 a cerebral neoplasm was initially suspected and only by surgical approach was the correct diagnosis made.
Microbiological findings
Etiological diagnosis was possible for 60 patients: in 41 cases by brain material culture, in 14 by blood culture and in five by other methods ( Table 2) . Fortythree microorganisms were cultured from cerebral pus (two polymicrobial abscesses): a positive culture was obtained in 68.3% of the patients without previous antibiotic therapy and only in 35.5% of the patients already receiving antimicrobial therapy. The probability of isolating the causal agent was significantly higher in the group of patients not treated with antibiotics ( p = 0.011). Cerebrospinal fluid culture was positive in five out of 14 patients: in three cases it confirmed the microbiological diagnosis 104 E. Tonon et al. Orbital cellulitis (1) 0/0 --
scopic approach was preferred. In one patient an infected ventriculo-peritoneal shunt, responsible for the brain abscess, was removed. Data related to the medical therapy were available for 99 patients. All patients were treated with intravenous antimicrobial agents and in 85 cases with an antimicrobial combination. The most frequently used regimens were a b-lactam (penicillin G, ampicillin, cefotaxime, ceftriaxone) plus chloramphenicol or metronidazole (51 patients). The mean length of intravenous therapy (data for 80 patients) was 45.84 days (AE15.23), range 14-100 days. Parenteral antimicrobial therapy was switched to an oral regimen in 34 patients (mean 24.14 days). Corticosteroids were administered in 67 patients and intravenous mannitol in 48 cases, alone or associated with cortisteroids; 83 patients received anticonvulsants.
Outcome
Ninety-six patients were evaluable at the end of the therapy: 80 (83.3%) were cured, eight (8.3%) died (five of them were in coma at admission), seven had a relapse of the abscess, and one patient had a persistent brain abscess with a chronic cutaneous fistula, despite two excisions. Death was due to brain abscess in seven patients; one patient with bacterial endocarditis died of cardiac decompensation. Follow-up was available for 58 patients (mean duration 11.48 months AE 7.73). Sequelae were present in 21 cases (36.2%): focal deficit in 14 patients (24.1%), epilepsy in three cases (5.2%), hydrocephalus in three cases (5.2%), and mental disorder in one case (1.7%). There was no significant difference among patients who died or had sequelae and the patients without sequelae, as regard sex, age, length of symptoms before diagnosis, number and dimension of the abscesses, and medical and surgical therapy; only a comatose state at admission was related to an unfavourable outcome ( p = 0.007) ( Table 4 ).
Discussion
Since brain abscess is an uncommon disease, it is difficult to perform a prospective trial to compare the efficacy of different medical and surgical treatments. 20 Moreover, few retrospective studies on a large number of cases have been published, especially in the last ten years. [21] [22] [23] [24] [25] In our review, including 100 patients, we found a lower incidence of abscesses secondary to extension of contiguous infections than other studies (21% versus about 50%), in particular those associated with paranasal sinuses and ear infections. 2, [26] [27] [28] We think that this may be due to the common antibiotic and surgical treatment of patients with chronic otitis and sinusitis. By contrast, post-surgical cases were particularly highly represented (28%). These data can be related to the increasing number of patients that undergo neurosurgical procedures and to the fact that our Neurosurgery Division is the reference centre of Treviso province (Italy).
A microbiological diagnosis was possible by the isolation of the microorganism from intracerebral material in 41 patients and from blood cultures in 14 cases. Lumbar puncture showed a low sensitivity in identification of the etiological agent, therefore, considering the risk of cerebral or cerebellar herniation, we agree that lumbar puncture must be contraindicated in this clinical condition. 13, 27 Streptococcal etiology was less common than reported in the literature and this is probably related to the low incidence of abscesses secondary to paranasal sinuses and ear infections. 29, 30 The low prevalence of anaerobes and polymicrobic brain abscesses, compared with the literature, could be due to methods of specimen collection and transport that 106 E. Tonon et al. did not ensure an adequate anaerobiosis, especially before 1999. 12, 31 Since 1999 a collection protocol has been agreed between the neurosurgical unit and microbiology laboratory, but the low number of patients did not permit us to verify the efficacy of the new method of specimen collection. The spectrum of the microorganisms isolated from post-surgical brain abscesses is different from that from spontaneous and community-acquired abscesses and reflects the etiology of post-surgical nosocomial infections: staphylococci are the most common agents, while other microorganisms are responsible for only sporadic cases. A positive culture was significantly more frequent in patients not previously treated with antibiotics and so when the brain abscess requires a surgical approach, it is better to perform it as soon as possible and then start antibiotic therapy. Neuroradiological imaging does not have absolute specificity: 7,13-16 in 13 patients CT or MR scan suggested a cerebral neoplasm; only a surgical approach permitted the correct diagnosis. CT and MR scans showed cerebritis in only one patient, while in all the other cases there were one or more capsulated lesions. This suggests that the diagnosis of cerebritis is difficult because symptoms and signs are mild and the patient does not request medical assistance.
The majority of patients with brain abscess underwent a neurosurgical procedure with both diagnostic and therapeutic aims (72%). Stereotactic drainage was the procedure of choice (36 patients), especially in more recent years, followed by 'freehand' closed drainage; open surgical drainage and lesion excision by craniotomy have become obsolete procedures. 13, 32, 33 In recent years the utility of the endoscopic approach, performed in three patients, has been valued. 34, 35 Medical therapy alone was used in the treatment of 28% of the patients, usually subjects with multiple, inaccessible and small lesions, often secondary to hematogenous spread. These are patients with frequently positive blood cultures (especially Staphylococcus aureus endocarditis), so the antimicrobial therapy can be guided by antibiotic sensitivity.
Combination of a b-lactam antibiotic with chloramphenicol (until 1995) or metronidazole was the most frequently used antimicrobial therapy. All the patients were treated with intravenous antibiotics; the mean duration of parenteral antimicrobial therapy was about six weeks, in accordance with the most common recommendations. 13 One third of patients were switched to an oral regimen, but it is not possible from our data to define the utility of oral therapy in the treatment of brain abscesses. 13 A recent local protocol of initial empiri-Brain abscess 107 cal antimicrobial therapy (January 2000) includes the combination of vancomycin and meropenem in post-surgical cases and the combination of a thirdgeneration cephalosporin and metronidazole in spontaneous cases, with the addition of an antistaphylococcal drug (oxacillin or vancomycin) if endocarditis is suspected. Most patients were treated with corticosteroids, without influence on the prognosis, as reported in other studies; 27, 31, 36 so corticosteroids should be reserved for patients with severe cerebral edema or risk of cerebral herniation. 13 The mortality rate was comparable to published data. 4, 21, 25, 27 Only the presence of a comatose state at admission was related to an unfavourable outcome, both for death and sequelae. 31 It was noteworthy that age, duration of symptoms before diagnosis, identification of the etiological microorganism, number and dimensions of the abscesses, and medical and surgical therapy did not influence the prognosis.
Conflict of interest: No conflict of interest to declare.
